1 sugarcane silage added with two types of urea 2 3 To appear in: 4 Rev Colomb Cienc Pecu (33,3) 5 6
Introduction 110
The use of sugarcane (Saccharum spp L.) in the in natura form to feed cattle is an 111 established practice among the Brazilian cattle ranchers. However, the daily cutting of 112 sugarcane is burdensome and causes logistical and operational problems owing to the 113 daily demands on the workers. For this reason, sugarcane is generally used as silage 114 before feeding to cattle (Rigueira et al., 2018) . However, when sugarcane is ensiled, it 115 presents a fermentative pattern characterized by high ethanol production and loss of 116 soluble carbohydrates, which is mediated by yeasts; this causes a reduction in the 117 nutritional value and a loss of dry matter (DM) (Moreira et al., 2014; Roth et al., 2016) . Urea 118 is often used as an additive to silage; its use is based on the transformation of urea into 119 ammonia, which reacts with water to form ammonium hydroxide, raising the pH, and 120 inhibiting the metabolism of undesirable microorganisms such as yeasts (Kung Junior et 121 al., 2003) . The buffering effect of ammonium hydroxide on the pH of the silage can be 122 advantageous, although this depends on the extent to which it is able to cause a delay in 123 the pH decrease. If the buffering effect is moderate, then there is a greater competitiveness 124 between lactic acid bacteria and yeasts, since the latters are predominant in fermentation 125 at pH values below 4. However, if the buffering effect is large, then the development of 126 undesirable microorganisms that act at higher pH ranges is favored, causing deterioration 127 in the forage. Recently, a new product has been developed by agricultural input 128 companies termed 'protected urea'; it produces a controlled release of ammonia, and Experimental design 142 A completely randomized 2 × 2 + 1 factorial design was used, based on the two types of 143 urea (common and protected), two concentrations of urea (0.5 and 1% of the natural 144 matter), and a control (sugarcane silage with no additives), six replicates were established. The IAC 86-2480 sugarcane variety was used in this study, and was obtained from a 148 preinstalled area in the experimental farm of UNIMONTES. The forage was cut 149 manually, one year after the last cut; the stalks were then chopped using a stationary 150 forage harvester (Nogueira, São João da Boa Vista, SP, Brazil) in which the knives were 151 adjusted to obtain a theoretical length particle size of 1 to 2 cm. Four piles of 20 kg of 152 fresh sugarcane were made, the protected or common urea was added at their desired 153 proportions, and then mixture was homogenized. The silages were prepared in PVC silos, 154 50 cm in height and 10 cm in diameter, with a Bunsen valve in the cover. At the bottom 155 of the silos, 0.4 kg of dry sand was added to drain the produced effluents, and a layer of 156 foam was also added to prevent contact between the silage and the sand. The experimental 157 set, consisting of silo plus a lid, sand, and foam, was weighed to obtain the empty weight 158 of the silo. Subsequently, the mixtures to be ensiled were placed into the silos and 159 compacted to a density of 550 kg m -3 (Ruppel et al., 1995) . The silos were sealed, stored at 160 room temperature (25 °C), and only opened after 60 days. Before opening, the silos were 161 reweighed to quantify gas losses; after removal of the silage, the experimental set 162 containing silo plus lid, sand and foam was reweighed to quantify the produced effluent 163 (Jobim et al., 2007) . After the silage was removed from the silos, it was homogenized; 164 one part was pressed with a hydraulic press (Bovenau®, Rio do Sul, SC, Brazil) to extract 165 silage juice. The pH of this liquid was determined using a potentiometer (Tecnal®, 166 Piracicaba, SP, Brazil), and the level of ammoniacal nitrogen (N-NH3) was estimated by 167 distillation with magnesium oxide and calcium chloride using a boric acid receptor 168 solution and titration with 0.1 N hydrochloric acid (AOAC, 1980) . The remainder of the 169 silage was dried in a forced ventilation oven at 55 °C for 72 h and ground in a Willey type 170 mill (Thomas Model 4 Wiley; Thomas Scientific, Swedesboro, NJ, USA) with sieve 171 screens of 1 mm diameter for chemical analysis, and of 5 mm for in situ incubation. (Nocek, 1988) .
183
The bags were placed in 20 × 30 cm fillet bags along with 100 g lead weights. The fillet 184 bags were tied with a nylon thread, leaving a length of 1 m so that the bags could move 185 freely in the solid and liquid phases of the rumen. The fillet bags were then deposited in 186 the ventral sac region of the rumen with the end of the nylon thread remaining attached 187 to the cannula for 0, 6, 12, 24, 48, 72, 96, 120 and 144 h in reverse order, i.e., starting 188 with the duration of 144 h. The 0 h time samples were inserted into the rumen for 5 min.
189
After wards, all samples were collected and washed in ice water to stop the ruminal 190 fermentation. Subsequently, the samples were placed in greenhouses at 55 °C for 72 hours 191 and then cooled in a desiccator and weighed.
192
The residues remaining in the non-woven fabric bags following collection from the rumen 
Results

235
The DM contents of the silages did not differ with the addition of urea. The pH values 236 were within a suitable range for forage conservation, with a difference only for silage 237 with 1% of common urea compared with that of the control silage (p<0.05; Table 1 ). The 238 treatments with 1% urea had a higher fraction of N-NH3 than that of both the control and 239 the 0.5% treatment (p<0.05). In relation to urea type, the common urea showed a higher 240 fraction of N-NH3 than that of protected urea (p<0.05). Effluent losses were not 241 influenced by the addition of urea (p>0.05). Lower gas losses were observed in all urea 242 treatments when compared with the control silage (p<0.05; Table 1 ). 
246
* and ** significant at the level of 5 or 1% significance, respectively.
247
* Means followed by an asterisk differ from the control by Dunett's test (p<0.05).
248
Means followed by different superscript upper case letters ( A, B ) within the same column, and different superscript lower case letters ( a, b ) within the same row, are significantly 249 different by the t test (p<0.05).
250
SEMstandard error of the mean.
252
There was a significant interaction between dose and type of urea for crude protein 253 (p<0.05), and all treatments differed from the control (p<0.05). The EE content were 254 higher for silages with 1% urea (p<0.05). With respect to the different types of urea, 255 protected urea showed the highest levels (p<0.05; Table 2 ). Reductions in NDF, ADF, 256 and lignin were observed in the fibrous fraction compared with that in the control 257 treatment (p<0.05; Table 2 ). All treatments differed from the control for NDF (p<0.05).
258
For ADF, only silage with 1% common urea differed from the control; for lignin, all 259 treatments with 1% urea, regardless of type, differed from the control. There was no 260 interaction effect between type and dose of urea (p>0.05) Treatment of sugarcane silage with urea (common or protected) reduced the "a" fraction 267 by 11.8% in relation to the control (mean of 44.07%; Table 3 ). There was a significant 268 interaction between dose and type of urea, with the highest average observed in sugarcane 269 silage supplemented with 1% common urea. The inclusion of 0.5% urea, decreased 270 potential degradability of the DM compared with that of the control regardless of urea 271 type. There was no interaction effect for fraction "b" (p>0.05). However, there were 272 effects for both dose, with a higher average at the 0.5% dose, and urea type, with a higher 273 mean for protected urea. There was also a difference between the treatment with 0.5% 274 protected urea and the control for fraction "b" (p<0.05). For fraction "c", no difference 275 was observed between treatments, with means of 2.2% per hour (p>0.05). (Pedroso et al., 2014) .
304
However, the pH of the silage with 1% common urea was higher than the control, 305 although within the limit mentioned above. The higher pH observed for 1% common urea 306 was associated with increased ammonia release compared to treatment with the same dose 307 of protected urea. Additionally, the high pH raised the buffering power of the ensiled 308 material, as ammonia absorbs H + ions present in the medium, neutralizes them, and 309 retards the pH decrease (Ferreira et al., 2007) (Table 1) .
310
Treatments with 1% urea showed higher values of N-NH3 compared to 0.5% urea (Table 1) .
316
With regard to the urea type, the protected urea presented the lowest values of N-NH3; 317 this effect is related to the polymers that cover the urea molecules and reduce the action Gebrehanna et al., 2014) .
335
The percentage of CP was higher in the silage with 1% urea (15.05) as compared with the 336 silage with 0.5% urea (9.25), which resulted from the greater addition of non-protein 337 nitrogen in this treatment. Urea is a source of non-protein nitrogen, with 45% N for 338 common urea and 39% for protected urea. This inclusion increases the total nitrogen 339 content in silage, which is computed as CP.
340
The concentration and type of urea had variable influences on the fibrous fraction of the 341 sugarcane silage when compared to control silage. All the silage treated with urea differed 342 from the control for NDF content, suggesting that the released ammonia resulted in 343 alkaline hydrolysis with partial solubilization of hemicellulose (Lopes and Evangelista, 344 2010; Carvalho et al., 2012) . Another possible mechanism is that the greater preservation (2012) . In these two varieties (IAC 86-2480 and RB72-454), no effect of urea inclusion 387 on ensiling was observed with regard to effective degradability. 
